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@ This invention relates to an apparatus for auto- 
matically inspecting abnormality in external surface, 
dirt on the surface, and poor shape of cylindrical 
objects by using image processing. The apparatus 
for inspecting the appearance of the cylindrical ob- 
ject according to the present invention comprises: 
rotating means for rotating the cylindrical object 
about an axis of the cylindrical object; picking up 
means for picking up images showing the appear- 
ance of the inspected object which are axially and 
circumferentlaily divided into a predetermined num- 
ber; masking window generating means for generat- 
ing masking windows for masking characters and 
symbols which are printed on an axially predeter- 



mined portion of the divided picked-up images of the 
inspected object; detecting window generating 
means for generating detecting windows for extract- 
ing portions on the axially predetermined portion of 
the divided picked-up images of the inspected object 
on which the characters and symbols are not print- 
ed; adding means for adding luminance excluding 
the luminance of the masking window for divided 
picked-up images each; and comparing means for 
comparing the added luminance with a predeter- 
mined threshold, wherein a portion where the added 
luminance exceeds the threshold is judged to be 
defective. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an apparatus for in- 
specting appearance of cylindrical objects and 
more particularly to an apparatus for automatically 
inspecting abnormality in external surface, dirt on 
the surface, and poor shape of cylindrical objects 
by using image processing. 

2. Description of the Prior Art 
[Prior Art] 

In industrial mass production, automation of 
producing and inspecting systems has been push- 
ed ahead to rationalize production process. The 
inspection of appearance of products, which is one 
of the matters to be rationalized, is mainly per- 
formed through visual observation. However, in re- 
cent years, it has been developed with the spread 
of the computers that images which are picked up 
by a television camera (hereinafter merely called 
as "camera") are processed by a computer. The 
technic in which the picked up image is processed 
by the computer has been developed and adapted 
to automatically Inspect the appearance of the pro- 
ducts. 

In the apparatus for inspecting the appearance 
with image processing, the images picked up by 
the camera are converted into analog signals. 
Then, the signals are converted into digital signals 
so as to be discriminated by the computer. 

As a method of discriminating or inspecting the 
appearance with a computer, it has been generally 
used that an image of a standard product or an 
acceptable product (hereinafter merely called as "a 
standard image"), which is stored in the computer 
in advance, is compared with an image of an 
inspected object (hereinafter merely referred as 
"an inspected image"). Then, If there is a point or 
portion of the inspected image that does not cor- 
respond with the standard image, the inspected 
object relating to the image is judged to be a 
defective. On the other hand, when the standard 
image and the inspected image coincide with each 
other, the inspected object relating to the inspected 
image is judged to be an acceptable product. In 
the discriminating method with such standard im- 
age, even though characters or symbols are print- 
ed on the external surface of the inspected object, 
the inspecting operation can be carried out In con- 
sideration of the existence of the characters, sym- 
bols or the like. 

Besides the above method, there is another 
method in which luminance signals of the image 
which is picked up by the camera are digitized and 



the luminance is integrated in a prescribed range 
to judge the inspected object as a defective prod- 
uct when the integrated luminance exceeds a pre- 
determined threshold. 
5 As described above, in the method of compar- 
ing the standard image with the inspected image, 
an entrapping start point and a finishing point must 
always coincide with those of the standard image 
and the inspected object is limited to be a polygon 
10 with symmetrical shape. 

When the appearance of the cylindrical object 
is inspected based on the Image picked up by the 
camera, an overall Image of the object including 
external periphery should be entrapped. As do- 
rs scribed above, in the method of inspecting the 
appearance of the cylindrical object, the Inspected 
object is rotated while the camera being fixed or 
the camera is rotated about the inspected object to 
pick up the appearance of the inspected object. 
20 The method in which the inspected object itself is 
rotated while the camera being fixed is preferable 
since In the other method, mounting and rotating 
mechanisms for the camera become rather com- 
plicated. 

25 Further, in the method of rotating the inspected 
object, the rotating operation should be changed In 
accordance with the diameter of the Inspected ob- 
ject. That is, when the diameter is small, the in- 
spected object is preferably rotated with an axis of 

30 the inspected object being laid horizontally. Other- 
wise, the structure for maintaining and supporting 
the inspected object become complicated. 

However, In the method of Inspecting the ap- 
pearance of the cylindrical object by entrapping the 

35 overall image of the object, it is difficult to compare 
the Inspected image with the standard image since 
the start point of entrapping the inspected object 
does not always coincide with that of the standard 
image. 

40 That is, in mass production of the cylindrical 
object, the appearance of the inspected objects 
must be inspected while the object being automati- 
cally transported by conveyors or the like. There- 
fore, it is difficult to fix the start point of the image 

45 of the inspected object at the inspection of the 
appearance thereof due to the mechanism of the 
transporter. To eliminate the problem, not only the 
transporting mechanism will become complicated 
but also the speed of the inspection will be de- 

50 creased. 

As a result, it is proposed that the luminance of 
the inspected object Is summed up to inspect the 
appearance of the cylindrical object, which requires 
the appearance inspection in consideration of char- 

55 acters or symbols on the outer periphery of the 
Inspected object. 
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SUMMARY OF THE INVENTION 

It is therefore the object of the present Inven- 
tion to provide an apparatus for inspecting the 
appearance of the cylindrical objects on which 
characters or symbols are printed at the outer 
periphery thereof are picked up by a camera to 
judge defective objects. 

The apparatus for inspecting the appearance of 
the cylindrical object according to the present in- 
vention comprises: rotating means for rotating the 
cylindrical object about an axis of the cylindrical 
object; picking up means for picking up images 
showing the appearance of the inspected object 
which are axlally and circumferentially divided into 
a predetermined number: masking window generat- 
ing means for generating masking windows for 
masking characters and symbols which are printed 
on an axially predetermined portion of the divided 
picked-up images of the Inspected object; detect- 
ing window generating means for generating de- 
tecting windows for extracting portions on the ax- 
ially predetermined portion of the divided picked- 
up images of the Inspected object on which the 
characters and symbols are not printed; adding 
means for adding luminance excluding the lumi- 
nance of the masking window for divided picked-up 
images each; and comparing means for comparing 
the added luminance with a predetermined thresh- 
old, wherein a portion where the added luminance 
exceeds the threshold Is judged to be defective. 

It is another object of the present invention to 
provide the apparatus for Inspecting appearance of 
a cylindrical object described above further com- 
prising subdivided windows which are obtained by 
further subdividing the detecting windows and 
counting means for counting the number of win- 
dows having luminance which exceed a predeter- 
mined threshold which is independently set for the 
subdivided windows each, wherein the appearance 
of the cylindrical object is judged to be defective 
when the number of windows exceeds a predeter- 
mined number. 

In the apparatus for inspecting appearance of 
cylindrical object according to the present inven- 
tion, the cylindrical Inspected object is rotated 
about the axis of the object so that the appearance 
of the object Is picked up by a camera or the like. 
At that time, the appearance of the inspected ob- 
ject is circumferentially divided into a predeter- 
mined number and axially divided images are pic- 
ked up. Further, masking windows mask characters 
and symbols printed on a certain portions of the 
inspected object and adding means add luminance 
of the windows excluding masked windows for the 
divided picked-up images each. Then, when the 
sum of the luminance exceeds the threshold, cor- 
responding portions are judged to be defective. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more apparent 
from the ensuring description with reference to the 

s accompanying drawing wherein: 

Figure 1 is a schematic view of a transporter 
using an inspection apparatus according to an 
embodiment of the present invention; 
Figure 2 is a block diagram of a controller 

10 according to the embodiment; 

Figure 3 shows the relation between an ex- 
tracted image and an overall image of an in- 
spected object according to the embodiment; 
Figure 4 is a graph showing luminance of image 

75 information of the inspected object according to 
the embodiment; 

Figure 5 is a graph showing luminance of the 
inspected object and background according to 
the embodiment; 

20 Figure 6 shows a masking window at the inspec- 
tion of cigarettes according to the embodiment; 
Figure 7 shows a window at the inspection of 
cigarettes according to the embodiment; 
Figure 8 shows a discoloration due to heater of 

25 cigarettes according the embodiment; 

Figure 9 shows detecting operation of manufac- 
turing numbers of cigarette according to the 
embodiment; 

Figure 10 shows detecting operation of defects 
30 on a paper roll of a cigarette according to the 
embodiment; and 

Figure 11 is a flowchart showing image Informa- 
tion processing and judging procedures accord- 
ing to the embodiment. 

35 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

Figure 1 is a schematic view of a cigarette 
40 transporter with an appearance inspecting appara- 
tus for a cylindrical object according to an embodi- 
ment of the present invention. 

In the figure, reference numeral 1 is a hopper, 
2 a transporter. 3 stroboscopes. 4 a CCD camera. 
45 5 a controller, 6 a removing device, and 7 a pool. A 
cigarette Is fed to a transporting route 2a of the 
transporter 2 from the hopper 1 one after another. 
At one end of the transporting route 2a is formed 
an Inspecting section where a pair of stroboscopes 
50 3 emits flush light to the transported cigarette and 
an image of the cigarette Is picked up by the CCD 
camera 4 . 

Then, defects of the cigarette are detected by 
the controller 5 based on the image Information 
55 and cigarettes which are judged to be defective are 
removed by the removing device 6 such as an air 
nozzle. Nondefective cigarettes are transported by 
the transporter 2 to the pool 7 where the cigarettes 
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are stocked. 

Reference numeral 21 are rotating rollers, 22 a 
chain, 23 a frame. 24 and 25 sprockets, and 30 a 
rotary encoder. The sprocket 24 is rotated by a 
driving source not shown to move the chain 22 and 
the rotating roller 21 in the direction as indicated 
by an arrow. The rotating rollers 21 move with 
being rotated on a guide not shown on the trans- 
porting route, which causes the cigarettes between 
the rotating rollers 21 to move while being rotated. 

In the transporter described above, the Image 
information picked up by the CCD camera at the 
inspection section 20 is image-processed by the 
controller 5. The controller 5 comprises, as illus- 
trated in Fig. 2, a control panel 51 , power sources 

52 of the stroboscopes, a high speed image-pro- 
cessing apparatus 53, a personal computer 54, a 
first monitor 55, a second monitor 56, a video hard 
copying machine 57, and a serial printer 58. 

To the control panel are inputted detecting 
signals for detecting cigarettes from a reflective 
photoelectric sensor 20a. pulse signals from the 
rotary encoder 30, and defective product detecting 
signals from the high speed image-processing ap- 
paratus 53. On inputting the detecting signal to the 
control panel from the reflective photoelectric sen- 
sor 20a, a command signal for causing the strobo- 
scopes 3 to emit light for the high speed image- 
processing apparatus 53 on a controlled cycle and 
another command signal for starting the pick up of 
the image are outputted, and the pulse signals 
from the rotary encoder 30 are outputted to the 
high speed Image-processing apparatus 53 to allow 
the stroboscope 3 to emit pulse light. 

The high speed image-processing apparatus 

53 reads the image data out of the CCD camera 4 
in synchronization with timings that the strobo- 
scopes 3 emit light and the image data for a single 
cigarette is stored In a range which is set in ad- 
vance. Further, on starting the entrapping of the 
image, a detecting signal is outputted to the per- 
sonal computer 54. To the first monitor 55 is out- 
putted an image in which the luminance of the 
entrapped image are processed and to the second 
monitor 56 analog signals from the CCD camera 4. 

The timing that the stroboscopes 3 emit light is 
calculated from the rotary encoder 30 which is 
attached to a driving shaft of the sprocket 24. The 
cycle that the stroboscopes emit light, in other 
words, the intervals that the images are inputted 
are set at 37.5 micro seconds and the image of the 
cigarette is picked up while the image of the ciga- 
rette being divided into six equal sections for every 
60 degree of rotating angle to obtain the overall 
image of the outer periphery of the cigarette. 

The method of picking up the image will be 
explained in detail with reference to Fig. 3. An 
image gi is extracted from an image of the ciga- 



rette for a rotation angle of 60 degree which is 
picked up by the CCD camera 4 and is within a 
visual field of the camera 4. The extracted image gi 
covers a certain range about the axis of the image 

5 of the cigarette for the rotation angle of 60 degree. 
Images obtained for the rotation angle of 60 degree 
are denoted gi to g6 and a synthesized image G 
of the overall periphery of the cigarette is stored. 
The fault of each cigarette Is checked based on 

10 these six images gi to g6. In this embodiment, the 
visual field of the CCD camera 4 is 103.4 mm x 
80.0 mm and the width of the Image thereof for the 
rotation angle of 60 degree corresponds to 24 
picture elements. 

75 Luminance signals of six images, for example, 
those of one horizontal line (512 picture elements) 
outputted from the CCD camera 4 are shown in 
Fig. 4. The luminance of white portions of the 
cigarette paper and filter becomes high and por- 

20 tions of the cigarette paper where manufacturing 
number is printed, or portions where the cigarette 
paper is torn, or portions of the filter where the 
brand is printed become low in luminance. Then, 
the luminance of the picture elements each Is 

25 converted into numerical data so as to be stored in 
the high speed image-processing apparatus 53. 

The luminance picked up by the CCD camera 
are horizontally or vertically added to obtain a 
horizontal luminance information H and vertical lu- 

30 mi nance information V as shown in Fig. 5. Those 
information show that the luminance of the portion 
of the cigarette Is different from that of the other 
portion. The images extracted at the rising and 
falling of the horizontal or vertical information cor- 

35 respond to the images from g1 to g6. In other 
words, there is a characteristics in the horizontal 
and vertical information for every 60 degree of the 
rotation angle and the combination of the informa- 
tion will provide the information on the Images from 

40 g1 to g6 to form the synthesized image illustrated 
in Fig. 3 

Meanwhile, when detecting abnormality such 
as tear and dirt on a cigarette based on the lu- 
minance information, discoloration due to heater, 

45 which may be generated while a pasted portion of 
the cigarette paper is dried by a heater, dirt due to 
ink which is used for printing characters or symbols 
on the cigarette paper, and dirt due to oil leakage 
from manufacturing machine are detected. The dis- 

50 coloration due to heater is observed at a certain 
portion but the luminance of the portion is not 
decreased remarkably. Further, it is difficult to dis- 
tinguish a dirt in the characters or the symbols 
from the characters themselves or the dirt. 

55 Therefore, as shown in Fig. 6, windows are 
required for extracting the luminance information of 
particular ranges or for masking the luminance 
information on the characters or symbols in accor- 
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dance with inspected items. 

The explanation will be made on the windows 
with reference to Fig. 7. A heater discoloration 
window W1 is set at a portion of the cigarette 
paper excluding the portion where the manufactur- 
ing number is printed. A cigarette paper window 
W2 for detecting the dirt or tear of the cigarette 
paper is set at an area of the cigarette paper. 
Further, a filter window W3 for detecting the dirt on 
the filter is set at the filter area. A manufacturing 
number window W4 for masking the manufacturing 
number and a printing window W5 for masking the 
brand or the like are provided. 

The cigarette paper window W2 and the filter 
window W3 are further divided vertically and hori- 
zontally to improve discriminating operation. In oth- 
er words, a large fault or a plurality of small faults 
on the cigarette paper may indicate the same sum 
of the luminance as described below, which may 
cause a cigarette with small abnormality, which 
should be judged to be a nondefective, to be a 
defective product. To eliminate the problem, a 
number of small windows are used. The Inspection 
of the cigarette is carried out with the windows for 
discriminating and masking as described below. 

In case of detecting the discoloration due to 
heater, as illustrated in Fig. 8. the luminance of the 
picture elements each in the heater discoloration 
window W1 , which is located prescribed position of 
the visual field S, are added for each of the six 
images with input numbers 1 to 6. As a result, the 
sum of the luminance for the images each is ob- 
tained as indicated by dots in the figure. Then, the 
sum is compared with a predetermined threshold. 
When the discoloration due to heater is observed 
in the image with input number 2 as illustrated in 
the figure, the sum of the luminance X1 . X2 in the 
figure which exceeds the predetermined threshold 
indicates that the discoloration due to heater is 
generated. 

Next, the method of detecting the tear and dirt 
of the cigarette paper will be explained with refer- 
ence to Rg. 9. The luminance of the picture ele- 
ments each In the manufacturing number window 
W4, which is located prescribed position of the 
visual field S. are added for each of the six images 
with input numbers 1 to 6. Then, the sum of the 
luminance for the images each Is calculated as 
indicated by dots in the figure so as to be com- 
pared with a predetermined threshold which Is set 
in advance as shown in the figure. When the manu- 
facturing number is printed on the image with Input 
number "4" as illustrated In the figure, the sums of 
the luminance Y1 and Y2 which exceed the pre- 
determined threshold are obtained to detect the 
window for masking the portion where the manu- 
facturing number is printed. 



Further, as illustrated in Rg. 10, the sum of the 
luminance of picture elements of windows each 
which is obtained by subdividing the cigarette pa- 
per window 2 for six images with input numbers 1 

5 to 6 is calculated for the subdivided windows each. 
When faults such as damage or tear, which in- 
dicate high luminance, is to be detected, a window 
conresponding to the manufacturing number is 
masked. Then, when the sum of the luminance of 

10 the other windows each exceeds the prescribed 
threshold, the inspected object is judged to be 
defective. On the other hand, in order to detect 
faults such as a stain or a small dirt, which in- 
dicates low luminance, the luminance is summed 

75 up for the subdivided windows each excluding a 
window corresponding to the manufacturing num- 
ber and the number of the subdivided windows 
with luminance which exceeds the threshold is 
counted. Then, the number of the subdivided win- 

20 dows exceeds a predetermined number, it is 
judged that a fault is detected. 

Figure 1 1 is a flowchart showing the process- 
ing of the windows each. The high speed image- 
processing apparatus 53 starts entrapping images 

25 to switch the personal computer 54 on. Then, the 
position of the image of the cigarette is detected 
with respect to the visual field S of the CCD 
camera 4 based on a first Image Information In 
Step 1, and luminance information of the single 

30 image from the high speed image-processing ap- 
paratus 53 is inputted in Step 2, and the process- 
ing of the windows each such as summing up the 
luminance of the windows each is carried out in 
Step 3. Then, the above steps from the step 2 is 

35 repeated for the six imaged in accordance with the 
judgment in step 4. 

The processing of the windows each provides 
the sum of the luminance to judge the discoloration 
due to heater as described above in Step 5. Then, 

40 in Step 6, the position of the manufacturing number 
to be masked is detected to judge the presence of 
a hole (pin hole or tear) or a dirt in Step 7. As a 
result, the result of the inspection is outputted in 
Step 8. The above process is repeated after a high 

45 speed image-processing apparatus 53 starts en- 
trapping the image. 

Although cigarettes are selected as inspected 
object In the above embodiment, it is possible to 
inspect a long cylindrical object with large diam- 

50 eter. When a single camera cannot pick up an 
image, a plurality of cameras are used for picking 
up the image and the images which are picked up 
by the camera are combined to judge the in- 
spected object. 

55 As described above, in the present invention, 
the appearance of the cylindrical object is picked 
up by the camera while the image being axially 
divided into a plurality of images, and characters 
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and symbols printed on an axially predetermined 
area of the divided images are masked to add the 
luminance of the picl<ed up images each, and the 
sum of the luminance is compared with a threshold 
to judge a defective product. Therefore, an object 
on which characters or symbols are printed can be 
checked to remove a defective product by picking 
up outer periphery of the object by a single cam- 
era. Further, the threshold is to be selected in 
accordance with the kind of the defect, which pro- 
vide automatic detecting apparatus for various pur- 
poses. 

Further, with the detecting apparatus according 
to the present invention, the inspected object can 
be transported horizontally without special rotating 
mechanism of the inspected object. That is, the 
inspected object can be rotated with ease by only 
placing the inspected object on a rotating roller 
having a chain-driven shaft, which provide simple 
transporting system. 



independently set for said subdivided windows 
each, 

wherein the appearance of the cylindrical 
object Is judged to be defective when said 
5 number of windows exceeds a predetermined 

number. 



Claims 



1. An apparatus for inspecting appearance of a 
cylindrical object comprising: 25 

rotating means for rotating the cylindrical 
object about an axis of the cylindrical object; 

picking up means for picking up Images 
showing the appearance of the Inspected ob- 
ject which are axlally and circumferentially di- 30 
vided into a predetermined number; 

masking window generating means for 
generating masking windows for masking char- 
acters and symbols which are printed on an 
axially predetermined portion of said divided 35 
picked-up images of said inspected object; 

detecting window generating means for 
generating detecting windows for extracting 
portions on said axially predetermined portion 
of said divided picked-up images of said in- 40 
spected object on which said characters and 
symbols are not printed; 

adding means for adding luminance ex- 
cluding the luminance of said masking window 
for divided picked-up images each; and 45 

comparing means for comparing said ad- 
ded luminance with a predetermined threshold, 

wherein a portion where said added lu- 
minance exceeds the threshold Is judged to be 
defective. 50 

2. An apparatus for Inspecting appearance of a 
cylindrical object as claimed in claim 1 further 
comprising subdivided windows which are ob- 
tained by further subdividing the detecting win- 55 
dows and counting means for counting the 
number of windows having luminance which 
exceed a predetermined threshold which is 
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